Studies were performed to determine the specificity of immunoglobulin M (IgM) antibodies in normal human serum that participate in opsonophagocytosis and intracellular killing of Bacteroides fragilis 1365 and Bacteroides thetaiotaomicron 1343 by human polymorphonuclear leukocytes. Purified normal human IgM was adsorbed with washed heat-killed cells of the homologous strains and heterologous strains of B. fragilis, B. thetaiotaomicron, Bacteroides vulgatus, Bacteroides distasonis, and Bacteroides asaccharolyticus and with erythrocytes coated with outer membrane complex prepared from the homologous strains. Hypogammaglobulinemic serum was supplemented with the adsorbed IgM preparations, and the ability of the supplemented sera to support opsonophagocytosis and killing of B. fragilis 1365 and B. thetaiotaomicron 1343 by human polymorphonuclear leukocytes was measured in vitro under anaerobic conditions. Normal IgM adsorbed with heat-killed cells of B. fragilis 1365 and B. thetaiotaomicron 1343 or with erythrocytes coated with outer membrane complex prepared from these strains failed to restore the ability of hypogammaglobulinemic serum to support opsonophagocytosis and intracellular killing of the homologous strain. In contrast, adsorption of normal IgM with heat-killed cells of the heterologous strains did not alter its opsonophagocytosis-promoting activity for either test strain. These results indicated that the IgM antibodies in normal human serum that participate in opsonophagocytosis and intracellular killing of B. fragilis 1365 and B. thetaiotaomicron 1343 are directed against strain-specific antigenic determinants contained in the outer membrane complex.
Studies were performed to determine the specificity of immunoglobulin M (IgM) antibodies in normal human serum that participate in opsonophagocytosis and intracellular killing of Bacteroides fragilis 1365 and Bacteroides thetaiotaomicron 1343 by human polymorphonuclear leukocytes. Purified normal human IgM was adsorbed with washed heat-killed cells of the homologous strains and heterologous strains of B. fragilis, B. thetaiotaomicron, Bacteroides vulgatus, Bacteroides distasonis, and Bacteroides asaccharolyticus and with erythrocytes coated with outer membrane complex prepared from the homologous strains. Hypogammaglobulinemic serum was supplemented with the adsorbed IgM preparations, and the ability of the supplemented sera to support opsonophagocytosis and killing of B. fragilis 1365 and B. thetaiotaomicron 1343 by human polymorphonuclear leukocytes was measured in vitro under anaerobic conditions. Normal IgM adsorbed with heat-killed cells of B. fragilis 1365 and B. thetaiotaomicron 1343 or with erythrocytes coated with outer membrane complex prepared from these strains failed to restore the ability of hypogammaglobulinemic serum to support opsonophagocytosis and intracellular killing of the homologous strain. In contrast, adsorption of normal IgM with heat-killed cells of the heterologous strains did not alter its opsonophagocytosis-promoting activity for either test strain. These results indicated that the IgM antibodies in normal human serum that participate in opsonophagocytosis and intracellular killing of B. fragilis 1365 and B. thetaiotaomicron 1343 are directed against strain-specific antigenic determinants contained in the outer membrane complex.
Bacteroides are commensal anaerobic bacteria which cause severe, often life-threatening infections, usually in close proximity to the mucosal surfaces where they exist normally (7, 22) . Infections due to Bacteroides, once thought to be rare, are now encountered with greatly increased frequency, at least partly because of improvements in anaerobic methodology. An elegant animal model has been developed for studying the role of Bacteroides in intraabdominal abscess formation (23, 27) , which has led to the discovery of the importance of capsular polysaccharide as a virulence factor of Bacteroides fragilis (24) . Despite these recent advances, information regarding the contribution of humoral and cellular factors to the resistance against Bacteroides infection is limited. In addition, studies of natural immunity to these bacteria have not produced definitive information regarding the distribution of natural antibodies among various classes of immunoglobulin, the diversity in the biological activities of the antibodies, the specificity of the antibodies, or the antigenic determinants of the cell envelope to which the antibodies are directed.
Our previous studies regarding the definition of humoral factors that participate in host resistance against B. fragilis and Bacteroides thetaiotaomicron demonstrated that immunoglobulin and components of the alternative complement pathway in normal human serum were required for opsonophagocytosis and killing of the strains by human polymorphonuclear leukocytes (PMNs) (3, 4) . Subsequent studies showed that the class of immunoglobulin in normal human serum which facilitated opsonophagocytosis and intracellular killing was immunoglobulin M (IgM) rather than IgG or IgA (5 (15) . The bacteria were grown in 10 liters of broth consisting of equal parts of Trypticase soy broth and brain heart infusion broth supplemented with 0.05% thioglycolate. The bacteria were washed three times with sterile physiological saline (pH 7.0), and the pellets were suspended in 200 ml of sterile 0.05 M sodium phosphate-buffered saline (pH 7.4) containing 0.01 M ethylenediaminetetraacetic acid (EDTA). The suspensions were incubated at 60'C for 30 min, mildly sheared by passage through a 25-gauge hypodermic needle, and mixed for 10 s in a Waring blender. The suspensions were centrifuged at 12,000 x g for 20 min at 40C, and the pellets were discarded. The supernatants were centrifuged at 80,000 x g for 2 h at 40C to pellet the membranes. Both centrifugations were repeated, and the final pellets were solubilized in sterile distilled water and lyophilized.
Coating of erythrocytes with outer membrane complex. The method of Ammann and Pelger (1) was used to coat erythrocytes with outer membrane complex. Washed, packed O-negative human erythrocytes (50 ,uI), 100 til of outer membrane complex (200 ytg) in physiological saline (pH 7.0), and 100 ,l of 3.75 mM chromium chloride were gently shaken at room temperature for 4 min. The erythrocytes were washed once with 0.01 M phosphate-buffered saline (pH 7.2) containing 0.1% gelatin, pelleted by centrifugation at 5,000 x g for 20 min at 4°C, and used on the day of preparation.
Adsorption of normal IgM. Purified normal human IgM (1.28 mg/ml) was incubated with 20% (vol/ vol) heat-killed bacteria, outer membrane complexcoated erythrocytes, or untreated erythrocytes at 370C for 60 min. The bacteria or erythrocytes were deposited by centrifugation at 5,000 x g for 20 min at 40C, and the supernatant was removed. Small portions of the adsorbed and unadsorbed IgM preparations were stored at -700C and were centrifuged at 20,000 x g to remove aggregates before use.
Preparation of normal human PMNs. Blood samples (8 ml) from healthy adult volunteers were collected in plastic tubes containing 10 U of heparin per ml and 2 ml of 6% dextran in physiological saline (pH 7.0). After sedimentation of the erythrocytes at room temperature for 60 min, the leukocyte-rich plasma was removed and centrifuged at 200 x g at 4°C for 5 min. Remaining erythrocytes were removed by hypotonic lysis (16 in the anaerobic glove box for 3 h at 370C on a rotating platform, and 100-tLd samples were removed at 0, 90, and 180 min of incubation. The samples were diluted in deoxygenated distilled water to rupture the leukocytes, and serial 10-fold dilutions were plated by the pour plate method in agar. The agar consisted of equal parts of Trypticase soy agar and brain heart infusion agar supplemented with 0.5% yeast extract (BBL Microbiology Systems) and 0.05% thioglycolate. The plates were incubated anaerobically for 4 days, and the colonies were enumerated to determine the total number of surviving bacteria.
Electron microscopy. Live cells of B. fragilis 1365 and B. thetaiotaomicron 1343 were prepared as described above. The cells were fixed, stained with ruthenium red, and visualized as described by Kasper (14) . The cells were prefixed by the addition of 0.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2); CaCl1 was added until a final concentration of 0.05% was achieved. After prefixation for 2 h at 4°C, the cells were centrifuged at 12,000 x g. The pellets were fixed for 2 h at 4°C in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2). The cells were washed once with the buffered glutaraldehyde and fixed again for 60 min at 4°C in aqueous 1% OSO4.
Ruthenium red was added to a concentration of 0.7 mg/100 ml of fixative during both the prefixation and the fixation steps. The pellets were exposed to 0.5% uranyl acetate in acetate barbital buffer (pH 5.1) for 2 h at room temperature. Blocks of the pellets (1 mm) were then dehydrated in graded alcohols and embedded in Epon 812. Thin sections were stained with uranyl acetate and lead citrate and examined with a JEOL 100B electron microscope (Japan Electron Optics Laboratory, Tokyo).
The electron microscopy was performed by Randal E. Morris (1) unadsorbed IgM, (2) adsorbed IgM (strain 1343), (3) adsorbed IgM (strain 77-255H), (4) adsorbed IgM (strain 77-609), (5) adsorbed IgM (strain 78-300I), and (6) taomicron 1343 contained capsular polysaccharide in the outer membrane complex. Since polysaccharide capsules cannot be visualized with routine staining techniques, the cells were stained with ruthenium red during the prefixation and fixation steps. A representative electron micrograph of B. fragilis 1365 is shown in Fig.  5 . Capsular polysaccharide external to the outer membrane was observed. Surface capsular polysaccharide was also demonstrated on B. thetaiotaomicron 1343, which appeared to be thicker and more evenly distributed than that on B. fragilis 1365 (Fig. 6) . The proportion of cells in culture which were found to be encapsulated was approximately 75% for B. fragilis 1365 and 100% for B. thetaiotaomicron 1343. When the procedure was carried out in the absence of ruthenium red, material external to the outer membrane was not observed on either test strain. DISCUSSION Only two previous studies have been reported regarding the specificity of antibodies to Bacteroides in normal human sera (9, 25) . In both studies, the antibodies were detected by indirect hemagglutination tests utilizing erythrocytes coated with extracts prepared from a limited number of bacterial strains. Quick et al. demonstrated that the antibodies in the serum of one normal individual which reacted with crude extracts prepared from two strains of B. fragilis (25) . Partial adsorption of the antibodies by the heterologous extracts was demonstrated; however, the initial titers of the antibodies before adsorption were so low that no conclusion could be reached regarding the crossreactivity of the antibodies. In the second investigation, antibodies in five normal human sera which reacted with lipopolysaccharides prepared by phenol-water extraction from single strains of B. fragilis and Bacteroides melaninogenicus were shown to have specificity only for the homologous lipopolysaccharide (9 The adsorption experiments were also performed with live cells of the homologous and heterologous Bacteroides strains. The results were identical to those obtained with the heatkilled cells. These findings strengthen the concept that the antigenic determinant to which the natural IgM opsonophagocytosis-promoting antibodies are directed is heat stable.
The Bacteroides strains used in the adsorption experiments were not subjected to extensive in vitro subculturing, and nine were fresh clinical isolates. Thus, the inability of the heterologous Bacteroides strains to adsorb the IgM antibodies was not related to artificially induced phenotypic variation. Of all of the strains used in our investigation, B. fragilis 1365 and B. thetaiotaomicron 1343 had been the most extensively subcultured. Despite this, both strains were shown by electron microscopic studies to contain capsular polysaccharide external to the outer membrane. The demonstration that laboratory-adapted Bacteroides strains contain capsular polysaccharide confirms the observation of Kasper (14) , whose prototype strain of B. fragilis for the demonstration of capsular polysaccharide was obtained from the American Type Antigenic determinants with different specificities have been shown to reside in the purified outer membrane complex of the cell envelope of Bacteroides strains. The capsular polysaccharide of B. fragilis and B. asaccharolyticus has been shown to contain a species-specific antigen (14, 15, 19, 21) . The lipopolysaccharide component of the outer membrane prepared by phenolwater extraction from B. fragilis and B. melaninogenicus has been shown to contain both species-specific and strain-specific antigenic determinants (8, 10, 11) ; however, the demonstration of species-specific antigenic determinants in the phenol-water extracts may reflect contamination of the preparations with capsular polysaccharide (20) . Protein associated with the capsular polysaccharide has been shown to be immunogenic (15, 19) , although progress in determining the specificity of the protein antigen(s) has been impeded by the failure to successfully separate the protein from the capsular polysaccharide. The immunogenicity of the lipid component of the outer membrane has not yet been investigated.
Our observation that the IgM antibodies in normal human serum which facilitate opsonophagocytosis and intracellular killing of B. fragilis 1365 and B. thetaiotaomicron 1343 have specificity only for the homologous strain suggests that the antigenic determinant to which the antibodies are directed is probably not capsular polysaccharide. Alternatively, the capsular polysaccharides of these strains may contain a previously unrecognized strain-specific antigenic determinant in addition to the species-specific antigen. Studies are in progress to purify the various components of the outer membrane complex of the Bacteroides strains and determine the moiety containing the strain-specific antigenic determinants. Our results do not rule out the participation of antibodies directed against the species-specific antigen of the capsular polysaccharide in opsonophagocytosis and intracellular killing. Such antibodies may have been present in our IgM preparation in too low a concentration to facilitate opsonophagocytosis and intracellular killing under the experimental conditions employed.
